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Abstract
A case of severe COPD patient complicated by pneumomediastinum due to spontaneous tracheal perforation related to post-influenza
vaccination is presented. The virtual bronchoscopy was superior to fiberoptic bronchoscopy and classic multi-slice CT in diagnosing the
tracheal perforation.
The use of virtual bronchoscopy should be considered as a reliable diagnostic tool in cases of pneumomediastinum especially due to the
ability to explore the airways in both antegrade and retrograde navigation.
q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
With the introduction of multi-slice computerized
tomography CT, imaging speed and resolution quality
were improved and the volumetric acquisition allowed
reconstruction in every orientation with isotropic space
resolution. One of the most interesting applications of
these capabilities is virtual endoscopy, actually most often
used in the colon. Obviously, virtual endoscopy can also
be used at the level of the tracheobronchial tree.
This technique allows accurate reproduction of major
endoluminal abnormalities and excellent correlation with
fiberoptic bronchoscopy regarding the location, severity
and shape of airway narrowing [1,2]. Virtual endoscopy
also enables the clinician to visualize the bronchial tree
beyond an obstructive lesion and thus to perform a kind
of ‘reverse bronchoscopy’. This unique application of
virtual bronchoscopy evaluates the stenosis from a distal
viewing point. Virtual bronchoscopy is of particular
interest in diagnosing mild changes in airway caliber
and understanding complex tracheobronchial abnormal-
ities [3,4].
In specific situations virtual bronchoscopy may be the
first choice technique in visualizing the tracheobronchial
tree, as will be demonstrated in this case report.
2. Clinical case
A 60-year-old man presented himself in the emergency
department with progressive dyspnea, a few days after
receiving an influenza vaccination. His medical history
showed diabetes mellitus, arterial hypertension, dyslipide-
mia, surgically treated lower leg varices, ventricular
fibrillation, and oxygen dependent chronic obstructive
pulmonary disease COPD with right side heart failure.
Physical examination showed peripheral cyanosis; a
respiratory rate of 20/min with prolonged expiration time
and regular tachycardia. No fever was found. The chest X-ray
showed the typical signs of COPD, flattening of the
diaphragm, hyperinflation of both lungs and rib
horizontalization. There was no pulmonary infiltration
(Fig. 1A). He was admitted to the intensive care unit with
the diagnosis of respiratory insufficiency due to a COPD
exacerbation, possibly related to the influenza vaccination.
The treatment consisted of supportive oxygen therapy,
intermittent non-invasive positive pressure ventilation,
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intravenous corticosteroids, theophylline, antibiotics,
inhaled bronchodilators and respiratory physiotherapy.
Within 2 days his respiratory status improved remarkably
and he was transferred from the intensive care unit to the
pulmonary mid-care unit.
After 2 days, he redeveloped progressive cyanosis,
increased dyspnea and wheezing. The arterial blood gas
showed increased hypoxemia with normal pCO2 levels. The
treatment consisted of intermittent non-invasive positive
pressure ventilation (PEEP 4 cmH2O, with and PIP
12 cmH2O and oxygen at 4 l/min). His arterial oxygen
saturation improved rapidly.
The following day he developed progressive subcu-
taneous emphysema of the thorax and neck region without
increased respiratory distress. A chest X-ray showed signs
of pneumomediastinum (Fig. 1B) without pneumothorax.
Shortly after, he relapsed into respiratory failure.
A multi-slice CT (Siemens volume zoom) scan was
performed with 130 Kv, 40 mAs, slice collimation
2 £ 4 mm2, slice thickness 5 mm, feed 12 mm, rotation
time 0.8 s and increment of 5 mm.
The routine CT scan showed subcutaneous emphysema
and signs of pneumomediastinum without pneumothorax.
No tracheal or bronchial tear or perforation was revealed.
After image reconstruction with slice thickness of 3 mm
and increment of 1.2 mm, images were loaded in a
workstation equipped with virtual bronchoscopy software
(Leonardo work station, Siemens, Germany).
During antegrade navigation in the trachea no signs of
perforation were identified; a narrowing of the proximal
trachea was observed due to upper mediastinal emphysema.
During retrograde navigation, a small wall discontinuity
was noted on the virtual bronchoscopy (Fig. 2A). On the axial
images (Fig. 2B) this wall defect was not seen, although it
was clearly identified on the coronal reconstruction (Fig. 2C).
On coronal images the wall defect, most probably a
perforation was noticed at the right posterolateral side of
the trachea with a diameter of 4–5 mm located about 4 cm
proximal to the carina.
A fiberoptic bronchoscopy was quickly performed in
critical conditions; which showed neither signs of vocal
cord edema nor any evidence of tracheal or bronchial tear.
Due to the rapid progression of respiratory failure
the patient was readmitted to the intensive care unit.
Rapid progressive respiratory failure ensued. The patient
has refused intubation and died a few hours later.
At autopsy a tracheal perforation of 0.2–0.3 cm within a
hemorrhagic zone about 3 cm above to the carina was
confirmed. The microscopic findings showed marked signs
of chronic inflammation and discrete hemorrhagic edges
around the opening (Fig. 3).
Fig. 1. (A) Posteroanterior X-ray at the time of admission, showing
hyperinflation without signs of pulmonary infiltration. (B) Posteroanterior
X-ray after progression of dyspnea showing pneumomediastinum and
subcutaneous emphysema without signs of pneumothorax.
Fig. 2. (A) Retrograde virtual bronchoscopy (caudocranial view) showing
presence of a tracheal perforation 3 mm diameter on the right posterolateral
wall of the trachea. (B) On axial CT image it is difficult to reproduce the
perforation; signs of pneumomediastinum with subcutaneous emphysema
are seen (arrowheads). (C) Coronal reconstruction, the perforation (arrow),
which is located about 4 cm proximal to the carina, is seen.
Fig. 3. At autopsy a tracheal opening of 0.2–0.3 cm with hemorrhagic zone
about 3 cm superior to the carina is demonstrated.
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3. Discussion
This case report shows the capability of virtual CT
bronchoscopy to visualize a tracheal tear not seen on
fiberoptic bronchoscopy.
Spontaneous pneumomediastinum usually is the result of
rupture of marginally situated alveoli from a sudden rise in
intraalveolar pressure in acute asthma, aspiration
pneumonia, hyaline membrane disease, measles, giant cell
pneumonia, coughing, vomiting, exercise, parturition and
molar tooth extraction. It is also described in tracheal
perforation due to tumour erosion of the trachea [5].
A traumatic form of pneumomediastinum may be due to
pulmonary interstitial emphysema (positive pressure
ventilation), bronchial rupture (commonly associated with
pneumothorax) and oesophageal rupture [6].
Traditionally pneumomediastinum is seen on the
posteroanterior chest X-ray as a typical radiolucent line
between the left heart border and the mediastinal pleura
with accentuation of the aortic knob. However, the
posteroanterior view can overlook 50% of cases. [7]
Tracheal perforation is one of the causes of pneumome-
diastinum [8].
A perforation of the tracheobronchial tree is sometimes
difficult to detect. Fiber-optic bronchoscopy is often
described as the golden standard imaging technique.
Even with meticulous examination of the trachea by
bronchoscopy or on axial imaging on CT images, such
diagnosis can be missed.
This was shown in our case, where the perforation,
proven at autopsy, was not revealed on axial CT images or
during fiberoptic bronchoscopy. Only after it was detected
by the virtual bronchoscopy, the tracheal perforation was
revealed on coronal images. The advantage of virtual
bronchoscopy in this case was that it gave a three-
dimensional evaluation of hollow structures like the
tracheobronchial tree just by a fly-through navigation.
Therefore virtual bronchoscopy is more practical, less
time consuming and more accurate than the evaluation of
the trachea and main bronchi on axial and coronal
CT-images.
Moreover it is superior to fiberoptic bronchoscopy
because of the possibility of retrograde endoscopy,
especially in cases of pneumomediastinum where the
contrast between air and soft tissue is high, which facilitates
detection of small lesions.
Furthermore, patients with tracheal tear or trauma are
often critically ill and respiratory instable and it can be more
difficult to perform an endoscopy than to process a CT scan.
4. Conclusion
This case proves virtual bronchoscopy to be superior, for
the diagnosis of tracheal perforation in a patient with
pneumomediastinum compared, to fiberoptic bronchoscopy
and classic multi-slice CT.
The use of virtual bronchoscopy should be considered as
a reliable diagnostic tool in cases of pneumomediastinum
especially due to the ability to explore the airways in both
antegrade and retrograde navigation.
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